Polyploidization increases the sensitivity to DNA-damaging agents in mammalian cells.
Polyploidization occurs during normal development as well as during tumorigenesis. In this study, we investigated if the responses to genotoxic stress in cancer cells are influenced by the ploidy. Prolonged treatment of Hep3B cells with the spindle inhibitor nocodazole resulted in mitotic slippage, followed by re-replication of the DNA to produce polyploids. Reintroduction of p53 restored the checkpoints and suppressed polyploidization. Remarkably, a stable tetraploidy cell line could be generated from Hep3B by a transient nocodazole treatment followed by a period of recovery. Using this novel tetraploid system, we found that tetraploidization increased the cell volume without significantly affecting the cell cycle. Although tetraploidization was accompanied by an increase in centrosome number, the majority of mitoses in the tetraploid cells remained bipolar. Polyploidization sensitized cells to genotoxic stress inflicted by ionizing radiation and topoisomerase inhibitors without affecting the sensitivity to spindle inhibitors. Accordingly, more gamma-H2AX foci were induced by radiation in tetraploids than in normal Hep3B cells. Likewise, primary tetraploid human fibroblasts displayed higher gamma-H2AX foci formation than diploid human fibroblasts. An implication for chemotherapy is that some cancer cells can be sensitized to genotoxic agents by a preceding step that induces polyploidization.